INTRODUCTION
Recently, growing interest has been seen in using speleothems as an archive of paleoenvironmental information (see Fairchild et al., 2006 , for a review). To take advantage of the paleoproxies, a better understanding of speleothem growth mechanisms/ dynamics is required. Carbon dioxide is one of the most important variables controlling growth. A consensus exists that the difference between soil and cave CO 2 partial pressures drives dripwater degassing and, consecutively, dripwater supersaturation with respect to calcite. (Dreybrodt, 1999; Baldini et al, 2008) . Despite great effort, many problems such as CO 2 source origin and CO 2 -dynamics in the exteriorsoil-epikarst-cave-exterior chain have been neglected. Generally, karst soils are believed to be the main sources of cave CO 2 . However, based on various indices, an ever stronger reservation appears about this belief.
Soil CO 2 production is derived from (1) respiration of autotrophs (root respiration and rhizomicrobial respiration) and (2) respiration of heterotrophs (Kuzyakov & Larionova, 2005; Kuzyakov, 2006) . Output from soils is linked to (i) diffusion into the external atmosphere (Piao at al., 2000; Arnold et al., 2005; Jungkunst et al., 2008; Longdoz et al., 2008) ; (ii) diffusion into the voids in underlying rocks, and to (iii) dissolution in percolating waters (Kaufmann & Dreybrodt, 2007) . In general, CO 2 concentrations in the soil atmosphere are estimated to range from 0.1 to 10 % vol. (Miotke, 1974; Troester & White, 1984) . However, direct measurements in karst soils indicate a much narrower range, of between 0.1 and 1.0 % vol. (Bourges et al., 2001; Spötl et al., 2005) . Soil CO 2 concentrations show strong seasonality (Spötl et al., 2005) . Annual production reflects external climatic conditions (Jassal et al., 2005; Li et al., 2008; Iqbal et al., 2008) . A review of CO 2 behavior in ecosystems on global scale is given in Baldocchi et al. (2001) .
CO 2 input into cave includes (1) natural fluxes associated with (i) direct diffusion from soils/epikarst, (ii) microbial decay of organic matter in cave sediments, (iii) respiration of animals, (iv) endogenous CO 2 , (vi) dripwater degassing (Holland et al., 1964) , and (2) anthropogenic flux stemming from a person exhaling (Faimon et al., 2006) . CO 2 output from the cave is connected with airflows that carry CO 2 out of the cave (cave ventilation). Cave airflows are controlled by cave geometry and by pressure/temperature gradients between the cave and the exterior (de Freitas et al., 1982; Baker & Genty, 1998; Bourges et al., 2001; Spötl et al., 2005; Faimon et al. 2006; 2011) . When the cave CO 2 level increases, the P CO2(soil) -P CO2(cave) difference diminishes and the driving force for speleothem growth falls. In contrast, a cave CO 2 level decrease enhances the difference and, consecutively, also the driving forces. Analogically to soil levels, cave CO 2 levels show seasonal variations (Troester & White, 1984; Ek & Gewelt, 1985; Bourges et al., 2001; Spötl et al., 2005) . In the cave atmosphere, CO 2 levels vary within a range from 0.1 to 1.0 % vol. (e.g. Tatár et al., 2004; Baldini et al., 2006) . Levels exceeding 1 % vol. were also monitored in some caves (e.g., Batiot-Guilhe et al., 2007) . Recently, Faimon & Ličbinská (2010) try to relate the trends in soil and cave CO 2 levels at selected sites of Moravian Karst.
The goal of the study was (1) to verify CO 2 levels in different karst soils and (2) to try to identify their effect on cave CO 2 during year period.
SITE OF STUDY
The Moravian Karst is the most extensive karst area in the Czech Republic (Balák, 1999) . It is a part of the Drahany Highlands. The Moravian Karst forms a belt 3-5 km wide and 25 km long, covering an area of 94 km 2 . The Lažánky and Vilémovice limestones of the Macocha Formation (Middle/ Upper Devonian age) are typical karst rocks at the sites (calcite content varies from 95 to 99 % wt). Total rock thickness is estimated to be 500-1000 m. The Karst plateau altitude varies between 250 and 600 m a.s.l. Annual precipitation is about 650 mm. Annual regional temperature is about 10°C. Rendzic Leptosols are the main soil types that have evolved on the limestones. Granitoid rocks of the Brno Crystalline Massif (Proterozoic) build a crystalline basement.
The sites of the study, Balcarka Cave and the soils above the cave are in the northern part of the Moravian Karst near the village of Ostrov u Macochy (Fig. 1) . The cave is open to tourists with a visitor rate of 30-40 thousand persons per year. The thickness of overburden is about 20-50 meters. The cave monitoring sites were in the Discoverers' Chimney Chamber (C1) and Large Foch's Hall (C2).
Based on the FAO World Reference Base classification, uniform international soil taxonomy for communication between specialists in different branches of science, (IUSS Working Group WRB, 2007) , three soil types were monitored in the area above Balcarka Cave ( Fig. 1) : Anthrosol (S1), lithic Leptosol (S2), and brown rendzic Leptosol (S3). The Anthrosol S1 was farmed and altered by tilling in the past. Nowadays, it is used as a pasture/meadow. Lithic Leptosol S2 is the soil of the karst meadow. It is more skeletal; the humus horizon (A-horizon) is only 5-10 cm thick and proceeds directly into the bedrock. The brown rendzic Leptosol S3 is formed in a mixed forest. This soil type has a mollic horizon that contains or immediately overlies calcaric materials or calcareous rock containing 40 percent or more calcium carbonate equivalent. A summary of the monitoring sites, the character of vegetation, soil types and cave details are given in Tables 1 and 2. METHODS CO 2 concentrations, air temperature and humidity were monitored at approximately 15-day intervals in the soil and cave atmospheres during the years 2006-2007. Soil atmosphere variables were monitored in probe holes drilled down to the C-horizon by steel bar (ø 5 cm). The wall of each probe hole was reinforced with a cylinder of polyethylene netting and sealed with a plastic cover.
Cave atmosphere variables were monitored at a height of 1 metre above the cave floor. An impact of diurnal variability in CO 2 concentrations were damped to some extent by monitoring in the narrow time range between 10:00 and 14:00.
CO 2 concentrations were measured in situ by 2-channel IR-detector FT A600-CO2H linked with ALMEMO 2290-4 V5, Ahlborn, Germany (measuring range: 0 to 10,000 ppmv; accuracy: ± 50 ppmv + 2 vol. % of measured value in the range of 0 to 5000 ppmv; resolution: 1 ppmv or 0.0001 vol %). The relative humidity and temperature of the soil and cave atmosphere were monitored by digital hydro/ thermometer GFTH 200, Greisinger electronic GmbH, Germany (resolution: 0.1% RH and 0,1°C; (Helsel et al., 2006) . The data on dripwater geochemistry were evaluated in the PHREEQC code (Parkhurst & Appelo, 1999) .
RESULTS

Soil data
The evolution of CO 2 concentration, temperature, and relative humidity in the studied soils S1, S2, and S3 over a one-year period is given in Fig. 2 . All the variables show a strong seasonality. The patterns of CO 2 and temperature are mutually similar (Fig. 2C,  B) , whereas the pattern of relative humidity is inverse ( Fig. 2A) .
Air relative humidity HS1, HS2, and HS3 in soils S1, S2, and S3, respectively, varied between 40 and 80 % ( Fig. 2A ). An extensive maximum is obvious during the long-term period, from October 06 to May 07. Minima were registered in summer (July 06 and August 07). A shallow local minimum in January 07 ( Fig. 2A ) is roughly consistent with the subfreezing temperature.
Air temperatures TS1, TS2, and TS3 in soils S1, S2, and S3, respectively, followed the external daily temperature T(ext) (Fig. 2B) . It approached/exceeded 30°C in July 06 and dropped below freezing point in February 07 (Fig. 2B) . The CO 2 concentrations OS1, OS2, and OS3 in soils S1, S2, and S3, respectively, are ordered from the highest to the lowest in the sequence OS1>>OS2>OS3. The maxima (between 0.4 and 0.5 % vol.) were reached during late summer/early autumn(July to October 06). In summer 06, the OS1 maxima exceeded OS2 and OS3 by a factor of 2. Minima (between 0.1 and 0.2 % vol.) were monitored during winter/early spring (December 06 to March/April 07). The lowest CO 2 concentrations were registered in mixed forest soils (S3) during winter (Fig. 2C) . Surprisingly, a local minimum appeared in the first days of August 06. It is roughly consistent with the minimum of soil air humidity.
Cave data
Both the CO 2 concentrations and number of visitors show a strong seasonality (Fig. 3) . In contrast, the cave temperature hardly changes in either cave site. During the whole monitoring period, the cave temperatures in both cave sites differed: the temperature in C1, TC1 ~ 12.3±0.35°C systematically exceeded the temperature in C2, TC2 ~ 10.6±.0.36°C (Fig. 3A) . The local minimum in February 07 is roughly consistent with the external temperature minimum.
The anthropogenic CO 2 impact is quantified by the P1, P3, and P5 variables that correspond to the visitor numbers per given day, preceding 3 days, and 5 days, respectively. The cumulative variables are necessary because of unknown extent of cave ventilation effect on anthropogenic CO 2 (cave relaxation). The evolution of the variables P1, P3, and P5 during the studied period is presented in Fig. 3B . As can be seen, the visitor number was at maximum in August. In contrast, it was near zero in winter (from November to March).
The CO 2 levels were systematically higher in deeper cave passages (C2) excluding the September-October period with inverse levels. Maximum carbon dioxide concentrations (up to 0.3 % vol.) were examined for the summer-early autumn(July to September) period of 2006. The results show that surprisingly low values occur at site C1. Minima (below 0.1 % vol.) were observed during the winter/early spring period (from December to April) (Fig. 3C ).
The composition of two drips, D1 (four samples) and D2 (eight samples) is given in Fig. 4 . Their pH is near 8, calcium and carbonate species (alkalinity) are dominant (10 -3 to 10 -2 mol/L), other species (K, Mg, Na, nitrate, chloride, sulfate) are minor (10 -5 to 10 -4 mol/L). The remaining species (ammonium, nitrite, and phosphate) are in concentrations about/below 10 -6 mol/L. 
DATA ANALYSIS
There were derived two additional variables: |DTi|, which is an absolute value of the temperature gradient between exterior and cave, |DTi| = |T(ext) -TCi|, and AHSi, which is soil air absolute humidity. All variables were arranged into two groups, the one potentially controlling soil CO 2 , i.e., TSi, T(ext), and AHSi, and the one potentially controlling cave CO 2 , i.e., OSi, |DTi|, T(ext), and Pi).
Correlation analysis
Based on linear interpolations, the original time series of single variables (raw data) were recalculated into equidistant ones with 15-day distance. A nonlinear trend/seasonality was determined as a central moving average of 3 rd order (CMA-3) and of 5 th order (CMA-5) (see Alvarez-Ramirez et al., 2005) . Alternatively, the trend was identified by data regression with the polynomial of 4 th order (PN-4). Each individual trend was subtracted from the equidistant data to prevent trend impact on correlations of variables. The resulting detrended/ residual data sets were checked for stationarity by non-parametric Kendall's test (see Hirsch et al., 1982; Hirsch & Slack, 1984; Helsel & Hirsch, 2002; Helsel & Frans, 2006) . Finally, the obtained stationary data (SD-CMA-3, SD-CMA-5, SD-PN-4) were analyzed for long-range cross-correlations. The results are in the Table 3 . Surprisingly, no correlations exist between the soil CO 2 concentrations and soil air temperature/ humidity. Weak positive correlations appear between the individual soil CO 2 levels in dependence on the used detrending method. A clear correlation is between OS1 and OS3. In contrast, the correlations OS1/OS2 and OS2/OS3 resulting from SD-CMA-5 and SD-PN-4 are less evident.
Some correlations are found between soils and cave CO 2 . However, only the couples OS1/OC1 and OS2/OC2 show significant positive correlations regardless of detrending methods. Other correlations are ambiguous: OS2/OC1 (SD-PN-4 only), OS3/OC1 (SD-CMA-3 and SD-CMA-5), OS1/OC2 (SD-PN-4 and SD-CMA-5), and OS3/OC2 (SD-CMA-3, SD-CMA-5).
Positive correlations are evident also between the cave CO 2 levels and attendance. OC1 is lagged against P1/P3/P5 and P5/OC1 correlates only in the SD-PN-4 set. In contrast, OC2 correlates with P1/P3/ P5 without any delay and regardless of detrending method. Except of the positive correlations, there are also negative correlations at different lags: whereas OC1 correlate with P1/P3 at small delay (lag ~ -1) regardless of detrending methods, OC2 correlates convincingly only with P3 at much higher delay (lag ~ -2 to -3).
No expected negative correlations exist between cave CO 2 and temperature gradients or external temperature. A sign of negative correlation is between T(ext) and OC1 (SD-PN-4, p > 0.05).
To determine the weight of individual variables at different seasons, an attempt was made to segment the detrended data into the parts statistically homogenous by the method of entropy of curves (Denis & Crémoux, 2002; Denis et al., 2005) . However, it did not improve the results mainly due to high fragmentation of the series. 
CO 2 dynamics
Trends of the non-stationary segments of the CO 2 time series (the autumn and spring periods) reflect CO 2 dynamics in the cave sites and soils. Slopes of the autumn segments ranged from -9.99x10 -4 to -3.55x10 -3 % vol. day -1 (soils) and from -1.32x10 -3 to -1.82x10
-3 % vol. day -1 (cave sites). The spring segments, on the other hand, correspond to the slopes from 1.56x10 -3 to 1.91x10 -3 % vol. day -1 (soils) and from 9.04x10 -4 to 1.16x10 -3 % vol. day -1 (cave sites) (Tab. 4). Based on the slopes, overall fluxes were calculated as relevant increments/decrements of the CO 2 contents in the soils and cave sites. Firstly, the overall CO 2 fluxes into/from the cave were calculated such as the change in the CO 2 content in the total volume of the given cave site. In case of soils, the overall CO 2 fluxes normalized to 1 m 2 surface area were calculated such as the change in CO 2 content in a soil prism of 1 m 2 base and of a height equal to the actual soil profile depth. Air volume of the prism was estimated from soil air-filled porosity (Tab. 2). Based on different soils, the resulting overall fluxes vary from -2.06x10 -10 to -7.54x10 -10 mol m -2 s -1 during autumn and from 2.76x10 -10 to 8.06x10 -10 mol m -2 s -1 during spring, respectively (Tab. 5).
Dripwater chemistry
The concentrations of species in the dripwater samples reflect the composition of the pure Devonian limestones of the Moravian Karst. Pollutants such as nitrates or phosphates do not exceed standard values. The positive values of the saturation index (calculated using PHREEQC) in a range from 0.23 to 1.03 (Tab. 6) indicate that all the dripwaters are supersaturated with respect to calcite. The values of CO 2 partial pressures in dripwater (10 -2.98 to 10 -2.37 ) exceeded the CO 2 partial pressures in the cave atmosphere (10 -3.25 to 10 -2.55 ) (Tab. 6). This predicates further dripwater degassing from CO 2 and increasing supersaturation.
Principally, the dripwater composition contains information about CO 2 partial pressure at water formation. The information was decoded by calculating a hypothetical P CO2 (HPP), at which the given dripwater would be in equilibrium with calcite. The calculation is based on a simplified model where the system air CO 2 -water-calcite firstly reaches equilibrium (soil, epikarst, vadose zone) and then the water comes into the cave as dripwater. Possible objections that waters on its path into cave (1) mix with each other, (2) degas, or (3) produce calcite are justified, but all the processes solely reduce the calculated HPP value. Thus, HPP represents a minimum of P CO2 that participated in the constitution of the water chemistry. The resulting HPP values for the Large Foch's Hall dripwaters vary in the range from 10 -1.79 to 10 -1.98 . They correspond to the CO 2 concentrations of 1.20 ± 0.14 % vol. (D1) and 1.37 ± 0.14 % vol. (D2), i.e., 1.32 ± 0.16 % vol. on average (Tab. 6). Aside from the values, some temporary drips showed concentrations up to 5 % vol. of CO 2 (Faimon, unpublished data). [ The air exhaled by humans contains 2.0-5.8 % vol. CO 2 (Byrnes et al., 1997) , depending on physical activity (Iwamoto et al., 1994) , gender (Sciacca et al., 2002) , and age (Tormo et al., 2001 ). The air volume exhaled by a person varies over an extremely wide range from 6 to 100 L min -1 , depending on activity (Iwamoto et al., 1994; Smith, 1997). Based on the ----------------------Autumn decrease ---------------------------------------Spring increase ---------------- J -overall CO 2 -flux
vol. %] -----------------------------------------drip D1 ----------------------------------
------------------------------------------drip D2 ---------------------------------
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assumption that one person in the cave exhaled an air volume of 15 L min -1 with 3 % vol. CO 2 concentration, the share of anthropogenic CO 2 in the total cave CO 2 may be significant, depending on the number of persons, visiting time, and cave site volume/position. Assuming a visiting time of two minutes in C1 and ten minutes in C2, we calculated that the cave CO 2 could include up to 50 % (P1) or even 100 % (P3, P5) of anthropogenic CO 2 in the small C1 (Fig. 5A ). In the large C2, the cave CO 2 could include up to 7 % (P1), 15 % (P3), or 28 % (P5) of anthropogenic CO 2 (Fig. 5B) .
DISCUSSION
Historically, soils are believed to be the main sources of exogenous CO 2 in karst. Even though the significance of soil CO 2 for karstification is unquestionable, its direct effect on cave processes such as speleothem growth is less obvious.
SOIL CO2
Interrelations between individual soil levels
The individual soils somewhat differ in CO 2 levels. The highest CO 2 concentrations in anthropogenic soils were expected because of soil cultivating, fertilizing, and enhanced organic matter content. A concern exists about the negative impact of land use on the karst system/processes, especially via (i) changes in soil texture, moisture, and hydraulic conductivity (Canora et al., 2008; Chen et al., 2009 ), (ii) soil erosion (Febles et al., 2009 ), (iii) water pollution (Jiang et al., 2008) , and (iv) a complex of influences (Baker & Genty, 1998; Balák et al., 1999) . With respect to carbon dioxide, however, we do not recognize a fundamental problem. Even though enhanced anthropogenic soil CO 2 levels undoubtedly participate on a greater karst surface denudation (enhanced karstification), they could paradoxically support cave speleothem growth due to higher carbonate mineralization of resulting karst waters. The ratio of the CO 2 levels in natural soils is somewhat surprising: the levels in the shallow meadow soil exceed systematically the levels in the deeper and more humic forest soil.
The results show that correlations between some variables are dependent on detrending methods. We believe that just the correlations based on the data detrended by the 3 rd order CMA (SD-CMA-3) are most relevant. The 5 th order CMA probably averages too much extensive part of the data set with respect to its total extent (26 data points). The polynomial detrending is less credible due to subjectively chosen polynomial order.
Correlation analysis of soil CO 2 levels based on the SD-CMA-3 set shows positive correlations between individual soil CO 2 levels. It means that both natural soils behave similarly despite different (1) local positions, (2) vegetation covers, and (3) sub-types. This indicates rather a decisive influence of external conditions on CO 2 production. No radical impact of vegetation was recognized. In turn, similar behavior of the natural soil shows that the precise associating of the surface site to the cave lying below is not a critical operation when searching for soil/cave interrelations. Generally, a relation between both soil and cave sites is complicated, because of the inclination of CO 2 paths (fissures and joints).
Control of soil CO 2 levels
A wide consensus exists that soil CO 2 levels are controlled by temperature and moisture (see Davidson et al., 1998; or Fang & Moncrieff, 2001 and references therein). Based on our detrended data, however, no correlations between soil CO 2 levels and air temperature/humidity were found. More exactly, even though the trends in soil air temperature/ humidity and soil CO 2 level are consistent, the shortterm fluctuations do not correlate. It indicates that the detailed relations in the chain external conditions (temperature/humidity) -microbial activity -organic matter degradation (CO 2 production) is complex and still poorly understood. We believe that detail studies of diurnal variations of soil CO 2 levels in dependence on external conditions may help better understanding the problem.
In general, the level of i-component in a reservoir is given by balancing all the fluxes of the component into/out of the reservoir. The increment/decrement of the reservoir content corresponds to an overall flux (the flux sign means flux direction, plus into reservoir, minus out of reservoir). The overall flux into/out of reservoir would equal the net flux of the component, if other fluxes were neglected. For example, the spring overall flux into soil (soil CO 2 concentration increment) would correspond to a net soil production, if efflux from the soil were negligible. The autumn overall flux from the soil (the soil CO 2 concentration decrement) would correspond to efflux from soils, if CO 2 production were zero (e.g., due to temperature drop). The calculated overall fluxes ±(2 to 8)x10 -10 mol m -2 s -1 are lower by four orders than e.g. the net CO 2 -efflux ~ 10 -6 mol m -2 s -1 directly measured by others authors (Jassal et al., 2005; Keith & Wong, 2006; Fenn et al., 2010; Kim et al., 2010) . The difference indicates rather balanced fluxes and soil steady state concentrations instead of one predominant flux.
Cave CO 2
The cave CO 2 levels in the range of 0.1-0.3 % vol. are consistent with earlier results from Pennsylvanian (Troester & White, 1984) , Belgian (Ek & Gewelt, 1985) , Austrian (Spötl et al., 2005) , Texan (Banner et al., 2007) , and Irish caves (Baldini et al., 2008) . The strong seasonality indicates that the CO 2 levels are controlled by seasonally dependent variables.
Sources of cave CO 2
Generally, five sources of cave CO 2 may be postulated: (1) soils, (2) epikarst, (3) cave visitors, (4) cave sediments, and (5) endogenous sources. The last two sources (cave sediments and endogenous sources) were not considered in the present study due to their low importance in the Balcarka Cave. Note that only the first source (soils) comprises an actual climatic signal.
The correlations based on SD-MCA-3 indicate that both OS1 and OS3 could be sources of OC1. The delay of OC1 about one month (lag ~ -2) after the soil CO 2 seems reasonable. From the two sources, OS1 may be excluded as a source due to its long distance (exceeding 4-times the rock overburden thickness) from the C1 site. The soil S2 as a source appears improbable. As a source of OC2, the soils S2 and S3 are most favored due to the relatively strong correlation at the reasonable lag. The correlations of the soil S1 that is spatially closest to the cave site C2 is not convincing.
The dripwater modeling proved that the CO 2 concentrations participating in the dripwater chemistry (HPP) clearly exceed the CO 2 concentrations measured directly in the soils. In addition, the variation coefficient of the annual HPP data (11.9 %) is substantially lower than that one of annual soil CO 2 concentrations (32-35 %) . This indicates the lower seasonality of HPP, which agrees with the idea that CO 2 is produced under near constant temperature conditions in epikarst (Atkinson, 1977; Fairchild et al., 2000; Spötl et al., 2005) . In fact, an alternative explanation exists that the lower variability results from a mixing of different aged waters in the vadose zone. Actually, HPP can be influenced by various processes such as water degassing, calcite precipitation, or water mixing. However, all these processes merely diminish the HPP value. Thus, the HPP represents a conservative estimation of CO 2 levels that has participated in dripwater formation during limestone dissolution. Regardless of the possibility of a small systematical error in directly measuring soil CO 2 concentrations (e.g., the volume of the drilled soil probe enhances the actual volumes of soil pores by 1-3 %), the modeling indicates a dominant CO 2 source in the deeper epikarst zone. This is consistent with the recent study by Benavente et al. (2010) who measured in situ in the vadose zone up to 6 % vol. of CO 2 . Shallow karst soils probably play a secondary role as minor sources. This is important for paleoclimatic reconstruction: epikarstic conditions will only slowly respond to climatic changes.
The estimates of the anthropogenic contribution suggested that the CO 2 produced by visitors can be a significant source of cave CO 2 (Fig. 5) . The share of anthropogenic CO 2 in the total CO 2 content in the cave depends on visitor numbers, visiting time, cave site volume, and cave ventilation. The relevance of the anthropogenic source in cave site C2 is supported by the strong correlation of OC2 with the visitor numbers P1, P3, and P5 without a lag. In the case of the C1 site, the correlation is less conclusive. This indicates control by other variables, but does not exclude the anthropogenic source.
Occasionally, a concern appears about the risk resulting from an inversion of speleothem growth into corrosion by water enriched in anthropogenic CO 2 (e.g., Baker & Genty, 1998) . However, the dripwater data analysis showed that P CO2 in the cave atmosphere remains lower than P CO2 in the water, and, hence, the dripwater (1) will degas from excess CO 2 and (2) will increase supersaturation with respect to calcite. This shows that anthropogenic CO 2 in the Balcarka Cave does not present any risk in this sense. The conclusion is consistent with the results of Faimon et al. (2006) obtained in Císařská Cave (Moravian Karst). However, it should be reminded that any CO 2 concentration would participate in corrosion if dissolved in condensed water (see, e.g., de Freitas & Schmekal, 2006) .
Control of cave CO 2 levels
The idea that karst soils control karst processes such as speleothem growth by constituting both percolating water chemistry and cave CO 2 levels seems oversimplified. Instantaneous CO 2 levels in the cave are given by balancing of (1) CO 2 fluxes from relevant sources into the cave and (2) CO 2 fluxes out of the cave by airflows (ventilation). Whereas all the sources, the soil, epikarstic, and anthropogenic ones probable operate in the study site, the ventilation effect is less evident. It is well known that cave airflows are controlled by the temperature gradients between external and cave temperatures (De Freitas et al., 1982; Faimon et al., 2011) . Because ventilation reduces CO 2 concentrations, the negative correlation was expected between |DTi| and OCi. Based of the statistical analysis, however, no correlations were found. This is surprising because comparison of the actual cave CO 2 levels with the potential ones resulting from P3 and P5 values (Fig. 5) indicate that ventilation must participate on the actual levels. An explanation of slight/missing temperature dependence could be the periodic cave door opening by visitors that controls ventilation instead temperature. The hypothesis is consistent with correlation analysis that has shown some negative correlations between P1/P3/P3 and CO 2 levels both in the C1 site (near the entrance) at low delay (lag ~ -1) and in the C2 site (deeper in cave) at longer delay (lag ~ -2 to -3). The door opening effect is also visible in Fig. 3 , where the local CO 2 minima on July-August 06 are consistent with the attendance maxima.
Cave -soil interrelation
As shown in Tab. 5, the overall CO 2 fluxes into/ out of the cave sites and into/out of soils differ by more than two orders. However, a direct comparison is possible only in the case of net fluxes. To visualize the CO 2 dynamics better, a conceptual model of the soilepikarst-cave system is proposed (Fig. 6) . It consists of the reservoirs of soil, epikarst, and cave CO 2 with the concentrations OS, OE, and OC, respectively. The arrows between the reservoirs denote CO 2 fluxes. The fluxes J Sp , J Ep , J atm , and J A represent soil production, epikarst production, efflux into external atmosphere, and anthropogenic flux, respectively. The fluxes J v 0 and J v are associated with cave ventilation. The J S-E , J E-C , and J S-C are exchange fluxes between the individual reservoirs. They are direct (diffusive ones, driven by concentration gradients) or indirect (convective ones, dissolved in percolating water).
Based on the analysis of CO 2 dynamics, the overall CO 2 flux out of cave by ventilation in autumn would correspond to a net flux, if the all fluxes into the cave were negligible. The requirement is roughly consistent with the soil CO 2 minima and low attendance, but inconsistent with invariant epikarstic source. The overall flux into cave during spring would represent a net CO 2 flux into cave, if ventilation were negligible. The ventilation could be indeed reduced under given temperature conditions when T exterior >T cave (see e.g., Fernandez-Cortes et al., 2006) , but enhanced by anthropogenic impact (by door opening).
One important question is if soils themselves (without an epikarstic source) are capable of producing the cave CO 2 content. If we take the overall flux into cave as net flux J S-C ~ (2-8)x10 -8 mol m -2 s -1 and compare its with the published fluxes into atmosphere J atm ~ (1-10)x10 -6 mol m -2 s -1 (Jassal et al., 2005; Keith & Wong, 2006; Fenn et al., 2010; Kim et al., 2010) , it is obvious that the soil production J Sp must only slightly exceed J atm . To cover the cave input flux, the CO 2 fluxes into basement would be lower than the CO 2 efflux into exterior by a factor of 100. To solve the model more precisely, soil CO 2 production, efflux into the exterior, and cave ventilation must be known in addition to both the soil and cave CO 2 levels. For exact solution of complete model, the additional knowledge of epikarst CO 2 levels and production is necessary.
Concluding notes
The presented work should be understood as a preliminary study that rather reveals important questions than gives definite answer. Its limitation is the prevailing statistical approach and the data sets with relative long time steps between individual measurements. We believe that continuous monitoring of the current variables with some additional ones, as cave radon levels or cave air circulation rates in the future will help us to obtain a more reliable model of carbon dioxide exchange between karst reservoirs.
CONCLUSIONS
The CO 2 levels in the karst soils showed typical seasonality with a maximum in summer (up to 0.5 % vol.) and a minimum in winter (between 0.1 and 0.2 % vol.). The CO 2 concentrations in the anthropogenic soil exceeded those ones in both natural soils and confirmed anthropogenic soil uniqueness. The behaviors of the natural soils were similar regardless of vegetation cover. No direct dependence was found between the soil CO 2 levels and soil temperature/ humidity, despite similar trends. It indicates still little understood relations in CO 2 production by microbial degradation of organic matter. The CO 2 concentrations in two monitored sites in Balcarka Cave showed seasonality analogical to the soils: high concentrations in summer (up to 0.3 % vol.) and low concentrations in winter (about 0.1 % vol.). In contrast to the cave and soils, there were identified the concentrations up to 1.6 % vol. of CO 2 that had to participate on dripwater composition.
In addition to supposed soils, another two CO 2 sources were identified in the cave sites: an epikarstic one and anthropogenic one. Even though the analysis of CO 2 dynamics confirmed that soils could be capable source of cave CO 2 , the epikarstic and anthropogenic sources seem to be at least equally significant. The instantaneous CO 2 concentrations in the cave are affected by human. Whereas the natural CO 2 sources are strengthened by visitor breathing, natural cave ventilation is superimposed by door opening. Regardless of the anthropogenic impact, the study indicates that speleothem composition/growth rates need not necessarily reflect the external climatic conditions if neither cave CO 2 levels nor dripwater hydrochemistry are controlled by soil CO 2 . As cave CO 2 level is seasonally dependent variable, however, this conclusion requires further careful verification. The results of the study could be important for the paleoenvironmental reconstructions using speleothems as terrestrial proxies of paleoclimate.
